Major ions and stable isotopic measurements were utilized in order to investigate the groundwater recharge and nitrate pollutant transformation of shallow alluvial groundwater aquifer. The spatial distribution and multivariate analysis of ions, combined with stable isotope analysis were performed. The result showed that precipitation contributed to the whole year groundwater recharge. Pollutants were transported from the land surface through an infiltration of precipitation. Sources of nitrate are from ammonium fertilizer, manure and septic waste. According to the ion and isotope characteristics, both denitrification and mixing process could take place. The statistical correlation and cluster analysis coupled by spatial analysis approach, based on isotope and ion data could be utilized for a quick assessment of groundwater recharge and nitrate pollution dynamics in an alluvial fan.
INTRODUCTION
In the past decades, a large amount of groundwater pollution surveys on trace element have been carried out at different scales and there were many studies reported in the scientific literatures 1),2), 3) . Stable isotopes had been utilized to trace pollutant transport in groundwater research because it did not react with the soil as it transported or diffused from land to groundwater. A major advantage of environmental isotopes is that the input function or the 'injection of tracer' into the hydrological system is provided by nature. Therefore, environmental isotopes can be used on different scales for local, regional and even global studies 4) . Moreover, the stable isotope technique is an effective approach to identify the sources, fate and transport of pollutants, because certain contaminant sources have characteristic or distinctive isotopic compositions. Spatial and temporal approaches also have been conducted to gain more understanding of the transformation process and transport of pollutant. Comparison of isotope behavior under different land use has also been performed 5) . These researches were performed using data from boring wells where the hydraulic head or groundwater levels are accessible, so that the flow path and aquifer information were deduced.
However, for some areas or regions, it is not possible to construct the bore holes for monitoring wells due to technical or nontechnical limitations. In such case, the only access to get the groundwater data is from an existing inhabitant's well, which rarely has a reliable hydraulic head information. Moreover, recently the water quality monitoring data has shown that there are some groundwater pollutions in the Kanegawa alluvial fan of the Kofu basin, Japan. The origin of a pollutant is not clear, and it is suspected as a result of nitrate pollutant leaching from agriculture area. In addition, the decreasing of nitrate concentration from 1996 to 2010 was also observed in the groundwater despite of a relatively constant agricultural practice 6) . Hence, this study was conducted in the Kanegawa alluvial fan, to evaluate the nitrate pollutant dynamics by utilizing the groundwater samples from the existing wells. In order to understand the nitrate transport from land to groundwater, the hydro-geological process occurred in study area must be also evaluated.
Therefore (1) to determine and quantify groundwater recharge pattern of seasonal variation; (2) to obtain spatial distribution of major ions in the ground water; (3) to identify major sources that may contaminate the shallow groundwater; and (4) to identify mixing and denitrification process of groundwater using ions and nitrogen isotope data.
STUDY AREA
The Kanegawa alluvial fan has been a setting for a field-scale research area on alluvial fan groundwater pollution, such as: groundwater pollution by volatile chlorinated hydrocarbon 7) and ion concentration and flow direction estimation using statistical analysis 8) . It is a small (14.2 km 2 ) rural area with a heterogeneous land use of residence and agriculture, located at eastern of the Kofu basin in the Yamanashi prefecture of Japan. Mountainous area, the Fuefuki River, the Tekawa River and the Kanegawa River are the boundaries of the study area located at the east, west, south and north side, respectively (Fig.1) . The average annual precipitation is 1160 mm recorded over 75-year period from 1936 -2010. Rainy period precipitation occurs from June to October (Fig.2) , which can be considered also as summer season. This rainy period accounts for about 63% of the total annual rain. Geological formations consist of quartz-diorite soil type and acid plutonic rock formed by a volcanic activity of Miocene Epoch. The soil contains gravel and small particles (from Miocene Epoch).
METHODS
Groundwater samples were collected directly from the eleven wells (GW2-GW12) that equipped with a submersible pump and stored in plastic bottles on ice. The river water samples were also collected from six sampling points at the Fuefuki (R1), Tekawa (R5 and R7) and Kanegawa (R2,R3 and R4) River. The sampling locations are shown in Fig.1 
18
O values of NO 3 were analyzed using the denitrifier technique 9) . The N and O isotope ratios were measured on the produced N 2 O using ratio mass spectrometer (GC-IRMS). The  
O values were about ±0.2‰ and ±0.5‰, respectively.
The proposed methodology is combining isotope and ion data in order to explain processes occurring in groundwater system using restricted data sets. The tools for analyzing ions data were statistical methods applying correlation analysis and cluster analysis. Spatial analysis and statistical analysis were carried out with ArcGIS ver.10 and SPSS ver.13, respectively.
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RESULTS AND DISCUSSIONS
(1) D and 
O-H 2 O of precipitation, river water and groundwater.
The isotopic composition of precipitation was acquired from a study by Nakamura 10) . The precipitation data was collected every month during 2006 at the Hirose, Oyasiki and Hikawa rain stations, in the upland area of the study area (±24 km, ±12 km, and ±3.5 km, respectively). The observed values of 
18
O and D ranged from -6.5 to -15.8‰ and -41.9 to -113.1 ‰, respectively.
Firstly, to detect the seasonal variation of groundwater recharge, two approaches were applied, using the d-excess values and the local meteoric water lines (LMWLs) 11) 12) . The d-excess value, which is the excess of deuterium relative to the relationship between  than in rainy period (June to October), that showed a distinct seasonal variation in the dexcess values (Fig.2) .
Another approach was using the LMWLs of study area. The 
O and D values during rainy and dry period were plotted. As a result, two different local meteoric water lines were drawn to describe isotopic data for two different periods: D=7.6 18 O+4.48 for rainy period precipitation and D=7.3
O+4.83 for dry period precipitation (Fig.3a) . Such seasonal isotopic differences reflect differences in the local climate of the Kofu basin. Furthermore, the water isotope values of river water and groundwater (ranged from -9.8 to -10.8‰ and -7.7 to -11.6‰ for  18 O, respectively, and -69.1 to -74.8‰ and -47.8 to -79.6‰ for D, respectively) were fell between the rainy and dry local meteoric water line (Fig.3b) . This indicated that the river and groundwater source was the mixture of precipitation of two seasons. Thus it appeared, based on the d-excess values and LMWLs analysis, that seasonal variation affected the groundwater recharge.
Secondly, to quantify the relative contribution of rainy and dry period precipitation to the groundwater recharge, the d-excess values was again being utilized, using a mass-balance equation :
d Groundwater = Xd rainy period + (1-X)d dry period (1) where d Groundwater is an average d-excess value of groundwater; d rainy period and d dry period are the precipitation weighted average d-excess value of rainy and dry period, respectively; X and (1-X) are the fraction of rainy and dry period precipitation, respectively. The mass-balance analysis on isotope showed that those groundwaters are composed of average approximately 60% from rainy period precipitation and 40% from dry period precipitation. It can be inferred that a substantial amount of rainy period precipitation in Kofu recharged the groundwater in the study area. Moreover, this proportion is nearly the same as the proportion of rainy and dry period precipitation amount (75-years of Kofu), about 63% occurrence (during June-October). This implies that isotopic composition of groundwater nearly equals the mean weighted annual isotopic composition of precipitation, and that there was thus no seasonal bias of recharge and evapotranspiration effect may be minimal.
This hypothesis is also consistent with the comparison result between the mean d-excess values of the precipitation and the groundwater for 9.7‰ and 9.8‰, respectively. Small I_201 difference of the mean d-excess value between them indicates a very low evapotranspiration effect occurrence, where most of the rainwater directly infiltrates to the groundwater during precipitation event. This condition might be due to relatively high permeable volcanic rocks and thin soils. This reason is consistent with the research reported by Lee et al 12) .
(2) Nitrogen isotope and spatial distribution of ions The NO 3 -N concentration in the Kanegawa alluvial fan groundwater ranges between 0.92 and 6.86 mg/L, below the 10 mg/L limit (Drinking water standard value in Japan). Nevertheless, understanding the nitrate sources and behaviors in groundwater is an important issue for preventing the water quality decline and promoting long-term water resource preservation.
Nitrogen isotope ratios have recently been used to identify sources of nitrate and to determine the occurrence of denitrification 13) , with comparisons to the possible source material such as polluted precipitation, leaching of nitrous fertilizers, manure and septic waste. Kendall et al. 14) concluded that ammonium fertilizers have distinctive  14) . The 
15
N and  18 O values of NO 3 from samples were ranging from 4.83 ‰ up to 7.9‰ and from -1.5‰ to -3.9‰, respectively. These values were compared with the above possible source materials of Kendall et al. 14) as shown in Fig.4 . The groundwater samples are ranged under the category of overlapping sources of ammonium fertilizer, manure and septic. It is noteworthy that chemical and organic fertilizer (manure or paddy straw) both applied in this area, with a trend of increasing utilization of organic fertilizer 15) . It might thus be the cause of manure source observed in most wells.
Another approach using ions were conducted to complement the nitrogen source identification, as the relationship among ions can provide information about the origin of sources 16) . The Pearson correlation coefficients were calculated and the results were shown in Table 1 3 , and KCl. At this point, both nitrogen isotope and ions analysis showed consistent result that suggested chemical and organic fertilizer (manure) as the nitrogen source in groundwater. Nevertheless, the proportion of nitrogen sources contributed to the groundwater, could not be assessed.
The spatial analysis was developed to identify the ions distribution in the groundwater. It showed the highest and the lowest concentration of both NO 3 -N and SO 4 2-was located at the centered lower part of the alluvial fan and the riverside location of the Kanegawa River, respectively (Fig.5 ). This high concentration may be due to the over fertilization on orchard agricultural fields causing high concentration of nitrate, and sulfate. The low NO 3 -N and SO 4 2-concentration might be due to infiltration of water from the river to the groundwater. Table 1 Correlation of ions in groundwater and river water. The NO 3 -N and SO 4 2-concentration contours inferred the occurrence of river water mixing in groundwater at the riverside location. The reduction of NO 3 -N concentrations in these locations not only due to the mixing with river water but could also caused by the occurrence of denitrification process 17) . In order to check this hypothesis, the correlation between Nitratenitrogen isotope and log of nitrate concentration was used to identify denitrification occurrence in groundwater 18), 19) . The  15 N-NO 3 values of groundwater and river water ranged from 6.40‰ to 7.99‰, and 4.3‰ to 6.9‰, respectively. However, it was difficult to recognize the denitrification process along the groundwater pathway, due to the absence of the flow direction information. Therefore, a statistical analysis of ions was conducted to identify the spatial similarity and dissimilarity among groundwater and river water.
The cluster analysis was applied based on major ions of Na + , Mg 2+ , SO 4 2-and Ca
2+
. Clustering had effectively groups the groundwater samples according to their chemical characteristics 20) . The combination of cluster was based on the dissimilarity defined by Euclidean distance and the nearest neighbor method.
The result of grouping was described by dendrogram (Fig.6a) . It grouped all sampling locations into two statistically significant clusters of groundwater characteristics. There was an interesting finding, that the group 1 consists of both groundwater and river water despite of a wide range of gaps (±129 m to ±1053 m) between the well locations and the Kanegawa River in a perpendicular direction. Hence, group 1 was classified into two sub-groups of 'mixing' and 'denitrification'; and group 2 was considered as 'no denitrification'. These groups labeled regarded as the mechanisms that were deduced by nitrogen concentration. Then, within the group of 'denitrification', the denitrification process was examined by using the correlation between nitrate isotope and log nitrate concentration (Fig.6b) . Bottcher et al. 18) verified that the denitrification process, which follow the rule of the Rayleigh fractionation, results in a linear relationship. Thus, the regression line was obtained within the group of 'denitrification' (straight-line box, Fig.6b ). As the denitrification occurred along the groundwater flow, the direction of the regression line should follow the flow direction. Arrows were positioned in Fig.6c to show the assumed groundwater flow direction among the wells of the group of 'denitri- fication'. Then, by combining the Rayleigh linear equation and well location map, the denitrification was identify within the group of 'denitrification'. Hence, it can be inferred that the denitrification may occur from G11 to G2, G4 to G6, and G5 to G10. However, further study within the group of 'no denitrification' should be performed to evaluate the occurrence of the nitrification process.
I_203
CONCLUSIONS
Major ions and stable isotopic measurements were used to examine the groundwater recharge and nitrate pollution of shallow alluvial groundwater aquifer. The result of examination is the following: a. There was no significant difference between mean d-excess of rain water, and ground water. It indicates evapotranspiration effect on isotope is minimal in the Kanegawa alluvial fan that might due to permeable and thin soils. The dexcess of rain water and LMWLs analysis indicated that precipitation during the whole year contributes to groundwater recharge. b. The nitrogen isotopes and ions correlation interpretation concluded that nitrate pollution source may be derived from chemical fertilizers, manure and septic waste. Three different groups of nitrogen transformation process take place in the groundwater of study area, which are mixing of river water, denitrification and no denitrification process.
The above results shown that the groundwater clustering based on major ions combined with nitrogen nitrate isotope ( 15 N-NO 3 ) values could be applied to perform a quick assessment of nitrogen cycle in groundwater.
